Abstract
Introduction
Synthetic adsorbents are insoluble three-dimensional crosslinked polymer beads with macropores. [1, 2] They are widely used in liquid phase adsorption. Unlike other types of adsorbents such as activated carbon and zeolite, synthetic adsorbents show relatively mild adsorptivity and thus adsorbed compounds can be eluted under mild conditions. For this reason synthetic adsorbents have been applied to large scale separation of antibiotics such as Cephalosporm-C (Ceph-C) produced by fermentation. [3, 4] Adsorption and desorption phenomena on synthetic adsorbents are generally affected by their porosimetric parameters, such as specific surface area, pore volume, pore size, and pore size distribution. Earlier studies showed that the adsorption capacity for Ceph-C increases with increasing the specific surface area. [1, 2] Porosity of dry state adsorbents can be measured by nitrogen adsorption / desorption technique. The porosity measured in dry state is considered to reflect the liquid-phase property of synthetic adsorbents.
High efficiency is an important requirement for industrial separation of Ceph-C. Model adsorption and desorption studies using Ceph-C and synthetic adsorbents were carved out by other investigators. [3] [4] [5] [6] [7] To perform efficient separation and purification, various synthetic adsorbents with different porosity have been developed and are commercially available. [1, 2] To obtain fundamental data on the Ceph-C separation for industrial application, a model chromatographic separation has been investigated using Ceph-C commercial reagent and two types of synthetic adsorbents; a solution of Ceph-C reagent was loaded onto a column of a synthetic adsorbent and then eluted from the adsorbent with an alkaline buffer, and the elution behavior of Ceph-C and the impurities were monitored.
Two prototype synthetic adsorbents with different porosity are compared in terms of the Ceph-C peak shape and the peak separation in the elution chromatograms. We discuss approaches for improving purity and recovery of eluted Ceph-C on the basis of the characteristics of the chromatograms.
Materials
Ceph-C was from Sigma and was used as received. A Ceph-C solution of ca. 10,000 ppm was prepared by dissolving Ceph-C into a 10 mmol dm'3 citric acid buffer (pH 3). Prototype synthetic adsorbents 1 and 2 were from Mitsubishi Chemical Corporation (Tokyo, Japan).
The properties are shown in Table 1 . Specific surface area was determined by the BET nitrogen adsorption technique for the dry adsorbents. Pore volume was determined by nitrogen adsorpption apparatus, and average pore radius was determined from the pore volume distribution. Bead sizes for both 1 and 2 are uniform. Consequently the effect of bead size on chromatography can be excluded in this study. 
Ceph-C Sorption
The Ceph-C sorption procedure is listed in Table 2 . The flow rate was controlled at space velocity (SV)=1.5 (linear velocity (LY)=0.75m/h) for each run. Table 2 . The Ceph-C sorption procedure
The effluent was fractioned and analyzed by HPLC according to the literature method.
[4] The concentration of eluted Ceph-C was calculated from the peak area detected by HPLC for each fraction. Vol.14 Supplement (2003) The Ceph-C peak is sharper for the adsorbent 1( Fig. 1) , whereas the peak is broader for 2 (Fig. 2) .
The broader peak for 2 could be explained by greater Ceph-C adsorption for 2. In fact the batch adsorption capacity for 1 is ca. 60g/dm3-polymer, and that for 2 is ca. 80g/dm3-polymer.
[8] The elution of the greater amount of Ceph-C on 2 might take more time than the elution from 1. The effect of greater specific surface area for 2 on the Ceph-C peak shape can also be assumed.
The peak sharpness for the adsorbent 1 could also be explained by the better size-exclusion effect for 1. Possible explanation is that the adsorbent 1 can better exclude Ceph-C because the pore size of 1 is 1 nm smaller than 2 ( Table 1) . The percentage of recovered Ceph-C from 6 BV to 10 BV relative to the initial Ceph-C load is estimated to be larger for 1 than that for 2. The elution of Ceph-C on 1 is almost completed at 10 BY effluent volume ( Fig. 1) , whereas the Ceph-C elution still continue at 10 BY for 2 (Fig. 2) . The earlier elution and the better peak sharpness for 1 is considered to improve the recovery of Ceph-C. This suggests that the adsorbent 1 is more suitable for improvement of Ceph-C recovery.
The delayed elution of Ceph-C for the adsorbent 2 in comparison with that for 1 results in peak separation between Ceph-C and the impurity. The delay of Ceph-C elution for 2 relative to that for 1 is Ca. 1 BY, whereas the retention time of the impurity was similar between 1 and 2. Consequently, the impurity peak for 2 is separated from the shoulder of the Ceph-C peak, while the impurity peak for 1 overlaps the Ceph-C elution. The greater adsorption capacity for 2 might delay the Ceph-C desorption. The better peak separation between Ceph-C and the impurity for 2 indicates that the adsorbent 2 is better suited for improvement of Ceph-C purity.
The results of the peak sharpness and the peak separation in Ceph-C elution suggest that the adsorption capacity and the porosity of the adsorbent affect the elution behavior. Both adsorbents have the different advantages, and this model chromatographic separation can be a tool for better choice of synthetic adsorbent. To better understand the factors for an efficient separation and purification, chromatographic study of various synthetic adsorbents are in due course. The solid line is calculated for Ceph-C, the broken line for the impurity.
